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LIBRARY ieee;
USE ieee.std_logic_1164.ALL;
USE ieee.numeric_std.ALL;

Entity Declaration

ENTITY ddl IS

PORT (

RESET IN
CLK IN
—— DDL signals

FICLK IN
FITEN_n IN
FIDIR IN
FIBEN_n IN
FILF_n IN
FICTRL_n IN
FID IN
FOD OUT
FOBSY_n OUT
FOCTRL_n OUT
FOTEN_n OUT
SIU_T : OUT
—-— control signals
FEE_RESET OUT
EVT_RD_ENABLE OUT

-— From FPGA to PC

FIFO_O IN
output port
FIFO_EMPTY IN
FIFO_RDREQ OouUT
FIFO_RDCLK OouUT
—-— From PC to FPGA
CMD_FIFO_OQ OouUT
data out port
CMD_FIFO_EMPTY OouUT

std_logic;
std_logic; ——
std_logic; —— DDL clock
std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic_vector (31 DOWNTO O0);
std_logic_vector (31 DOWNTO O0);
std_logic;
std_logic;
std_logic;
std_logic;

std_logic;
std_logic;

std_logic_vector (35 DOWNTO O0);
std_logic; ——
std_logic;
std_logic; ——

std_logic_vector (35 DOWNTO O0);

std_logic; —-

system clock

interface fifo

interface command fifo

—— BiDir signal direction

"emtpy" signal

—-— interface fifo read request
interface fifo read clock

interface command

"emtpy" signal

interface fifo data

fifo
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CMD_FIF

)i
END ddl;

—— Architec

ARCHITECTURE a OF ddl IS

CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT
CONSTANT

O_RDREQ

ture body

CMD_FECTRL
CMD_FESTRD
CMD_STBWR
CMD_STBRD
CMD_RDYRX
FESTW
FESTW_EODB

IN

std_logic -— interface command fifo read request
std_logic_vector := "11000100"; - 0xC4
std_logic_vector := "01000100"; - 0x44
std_logic_vector := "11010100"; - 0xD4
std_logic_vector := "01010100"; - 0x54
std_logic_vector := "00010100"; - 0x14
std_logic_vector := "01000100"; - 0x44
std_logic_vector := "01100100"; - 0x64

COMPONENT fifo36x512_DDL

PORT (
rst
wr_cl
rd_cl
din
wr_en
rd_en
dout
full
empty
)

IN std_logic;
k : IN std_logic;
k : IN std_logic;
IN std_logic_vector (35 DOWNTO
IN std_logic;
IN std_logic;
OUT std_logic_vector (35 DOWNTO
OUT std_logic;
OUT std_logic

END COMPONENT;

TYPE inputState_type IS (

IS_IDLE
IS_EVAL
IS_STBW

4

4

R,

IS_EVDATA

)i

TYPE outputState_type IS (

OS_IDLE
OS_WAIT

4

ouT,

OS_TXDATA,
OS_TXEMPTY,

0OS_TXGE
OS_TXLF
0S_TXEO
OS_TXIN
OS_WAIT
)i

TDATA,
4

DB,
GAP,
IN

TYPE feebusState_type IS (

FB_INPU

T,

FB_FLOAT,

FB_OUTP
FB_RESE
)i

SIGNAL ou

uT,
T

tputState

outputState_type;
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113 SIGNAL inputState : inputState_type;

114 SIGNAL feebusState : feebusState_type;

115 SIGNAL s_areset : std_logic;

116 SIGNAL sCmdFifoD : std_logic_vector (35 DOWNTO 0);
117 SIGNAL sCmdFifoWrreq : std_logic;

118 SIGNAL sCmdFifoFull : std_logic;

119 SIGNAL dout_val : std_logic;

120 SIGNAL event_read : boolean;

121 SIGNAL sDataEnd : std_logic;

122 SIGNAL sFifoRdreq : std_logic;

123 SIGNAL gap_timer : integer RANGE 0 TO 15;
124 SIGNAL fidir_dl : std_logic := '0"';

125 SIGNAL fidir_d2 : std_logic := '0"';

126 SIGNAL sFiBen_n : std_logic := '0"';

127

128 —-— signals to delay inputs and outputs

129 SIGNAL sDataln : std_logic_vector (31 DOWNTO 0);
130 SIGNAL sDataReq : std_logic;

131 SIGNAL sFifoEmpty : std_logic;

132 SIGNAL sFiD1 : std_logic_vector (31 DOWNTO 0);
133 SIGNAL sFiD2 : std_logic_vector (31 DOWNTO 0);
134 SIGNAL sFiTEN_n : std_logic;

135

136 BEGIN

137 —— direction of DDL signals

138 SIU_T <= FIBEN_n OR (NOT FIDIR);

139

140 FIFO_RDREQ <= sFifoRdreq AND FILF_n;

141 FIFO_RDCLK <= FICLK;

142

143 FEE_RESET <= s_areset;

144

145 -— cmd FIFO

146 FOBSY_n <= NOT sCmdFifoFull;

147 sCmdFifoD <= x"0" & sFiD2;

148 cmd_fifo : fifo36x512_DDL

149 PORT MAP (

150 rst => RESET,

151 wr_clk => FICLK,

152 rd_clk => CLK,

153 din => sCmdFifoD,

154 wr_en => sCmdFifoWrreq,

155 rd_en => CMD_FIFO_RDREQ,

156 dout => CMD_FIFO_Q,

157 full => sCmdFifoFull,

158 empty => CMD_FIFO_EMPTY

159 ) ;

160

161 —— Generate FEE reset:

162 —-— The SIU can initiate a FEE reset by activating fiBEN_n and THEN
163 -— switching FIDIR from 'l' to '0'

164 PROCESS (FICLK)

165 BEGIN

166 IF rising_edge (FICLK) THEN

167 fidir_d2 <= fidir_di;

168 fidir_dl <= FIDIR;

169 sFiBen_n <= FIBEN_n;
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170 IF ((fidir_d2 = '1') AND (fidir_dl = '0') AND (sFiBen_n = '0')) THEN
171 s_areset <= '1"'";

172 ELSE

173 s_areset <= RESET;

174 END TF;

175 END TF;

176 END PROCESS;

177

178 —-— Main Process

179 main : PROCESS (FICLK, s_areset) IS

180 VARIABLE b_rxdat : boolean;

181 VARIABLE b_rxcmd : boolean;

182 VARIABLE command_code : std_logic_vector (7 DOWNTO 0);
183 VARIABLE command_tid : std_logic_vector (3 DOWNTO 0);
184 VARIABLE command_param : std_logic_vector (18 DOWNTO 0);
185

186 BEGIN

187 IF s_areset = 'l' THEN —-— asynchronous reset (active high)
188 inputState <= IS_IDLE;

189 feebusState <= FB_INPUT;

190 outputState <= OS_IDLE;

191

192 b_rxdat := false;

193 b_rxcmd := false;

194 command_param := (OTHERS => '0"');

195 command_code := (OTHERS => '0"');

196 command_tid := (OTHERS => '0"');

197 sCmdFifoWrreg <= '0';

198 event_read <= false;

199 EVT_RD_ENABLE <= '0"';

200

201 gap_timer <= 0;

202

203 FOD <= (OTHERS => '0");

204 FOTEN_n <= '1";

205 FOCTRL_n <= '1";

206 sFifoRdreqg <= '0';

207 sDataln <= (OTHERS => '0"');

208

209 sFiD1 <= (OTHERS => '0");

210 sFiD2 <= (OTHERS => '0");

211 sFiTEN_n <= '1"';

212

213 ELSIF rising_edge (FICLK) THEN —-— rising clock edge
214

215 sDatalIn <= FIFO_Q (31 DOWNTO O0);

216

217 sFifoEmpty <= FIFO_EMPTY;

218

219 —-— delay inputs for Block Write

220 sFiD1 <= FID;

221 sFiD2 <= sFiD1;

222 SFiTEN_n <= FITEN_n OR NOT FICTRL_n;

223

224 @00
225 —— INPUT State Machine

226 @000
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CASE inputState IS
WHEN IS_IDLE =>
IF (b_rxcmd) THEN
inputState <= IS_EVAL;
ELSE
inputState <= IS_IDLE;
END TF;

WHEN IS_EVAL =>

IF (command_code = CMD_STBWR) THEN
inputState <= IS_STBWR;
ELSIF (command_code = CMD_RDYRX) THEN
inputState <= IS_EVDATA;
ELSE
inputState <= IS_IDLE;
END TF;
WHEN IS_STBWR =>
IF (b_rxcmd) THEN
inputState <= IS_IDLE;
ELSE
inputState <= IS_STBWR;
END TF;
WHEN IS_EVDATA =>
IF (b_rxcmd OR feebusState = FB_RESET) THEN
inputState <= IS_IDLE;
ELSE
inputState <= IS_EVDATA;
END TF;
END CASE;
—— decode input
b_rxdat := (FIDIR = '0O') AND (FITEN_n = 'O') AND
b_rxcmd := (FIDIR = '0O') AND (FITEN_n = '0O') AND
IF (b_rxcmd) THEN

command_code := FID(7 DOWNTO O0);
FID(11 DOWNTO 8);

FID(30 DOWNTO 12);

command_tid =
command_param :=
END IF;

—— Block Write
IF (inputState = IS_STBWR) THEN
sCmdFifoWrreq <= NOT sFiTEN_n;

ELSE
sCmdFifoWrreg <= '0';

END TF;

-— event read

IF (inputState = IS_EVDATA) THEN
EVT_RD_ENABLE <= '1"';
event_read <= true;

ELSE
EVT_RD_ENABLE <= '0"';

event_read <= false;

END IF;

(FICTRL_n
(FICTRL_n =

Il
=
-
~
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CASE outputState IS
WHEN OS_IDLE =>

FOD <= (OTHERS => '0");
FOTEN_n <= '1";
FOCTRL_n <= "'1";
sFifoRdreqg <= '0';
IF (feebusState = FB_FLOAT) THEN
outputState <= OS_WAITOUT;
ELSE
outputState <= OS_IDLE;
END TF;
WHEN OS_WAITOUT =>
FOD <= (OTHERS => '0");
FOTEN_n <= '1";
FOCTRL_n <= "'1";
sFifoRdreqg <= '0';
IF (feebusState = FB_OUTPUT) THEN
IF event_read THEN
gap_timer <= 0;

outputState
ELSE
outputState
END IF;
ELSIF (feebusSta
outputState <=
ELSE
outputState <=
END IF;

WHEN OS_TXEMPTY =>
FOD <= (OTH
FOTEN_n <= '1"'";
FOCTRL_n <= '1"';
IF (feebusState

sFifoRdreqg <=

outputState <=

ELSIF (FIFO_EMPT
sFifoRdreqg <=
outputState

ELSE
sFifoRdreq
outputState

END IF;

<=

<=
<=

WHEN OS_TXGETDATA
sFifoRdreg <= "
outputState <= O

<= OS_TXEMPTY;

<= OS_WAITIN;

te = FB_INPUT)
OS_IDLE;

THEN

OS_WAITOUT;

ERS => '0");

= FB_FLOAT OR feebusState =
lOl’.
OS_WAITIN;
Y = '1l'") THEN
lOl’.
OS_TXEMPTY;

FB_RESET) THEN

'1".
OS_TXGETDATA;

=>
1",
S_TXDATA;

Page 6



~ddl_top.vhd

Wed Mar 12 16:32:20 2014

341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

WHEN OS_TXDATA =>
FOD
FOTEN_n

foCTRL_N <= '1"'";

<= FIFO_
<= sFifoEmpty;

Q (31 DOWNTO O) ;

IF (feebusState FB_FLOAT OR feebusState = FB_RESET) THEN
sFifoRdreg <= '0';
outputState <= OS_WAITIN;

ELSIF FILF_n = 'O' THEN
FOTEN_n <= "'1";
outputState <= OS_TXLF;

ELSIF FIFO_Q(32) = '1' THEN
sFifoRdreg <= '0';
gap_timer <= 0;
outputState <= OS_TXEODB;

ELSIF FIFO_EMPTY = '1' THEN
sFifoRdreg <= '0';
outputState <= OS_TXEMPTY;

ELSE
sFifoRdregq <= '1"';
outputState <= OS_TXDATA;

END TF;

WHEN OS_TXLF =>

FOD <= (OTHERS => '0");

FOTEN_n <= '1";

FOCTRL_n <= "'1";

sFifoRdreqg <= (NOT FIFO_EMPTY) AND FILF_n;

IF (feebusState FB_FLOAT OR feebusState = FB_RESET) THEN
sFifoRdreg <= '0';
outputState <= OS_WAITIN;

ELSIF (FILF_n = '0') THEN
sFifoRdregq <= '0';
outputState <= OS_TXLF;

ELSE
—-— re-transmit previous data word
FOD <= sDhataln;
—-— make sure FOTEN_n is asserted at least once
—-— 1f FIFO is empty at this point
—— otherwise, FOTEN_n is asserted in OS_TXDATA
FOTEN_n <= NOT FIFO_EMPTY;
outputState <= OS_TXDATA;

END TF;

WHEN OS_TXEODB =>

IF (feebusState = FB_FLOAT OR feebusState = FB_RESET) THEN
FOD <= (OTHERS => '0");
FOTEN_n <= '1";
FOCTRL_n <= "'1";
sFifoRdreg <= '0';

outputState <= OS_WAITIN;
ELSIF (gap_timer = 1) THEN

gap_timer <= 0;

FOD <= x"00000OQO"

FOTEN_n <= '0";

& FESTW_EODB;
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398 foCTRL_N <= '0";

399 sFifoRdreqg <= '0';

400

401 outputState <= OS_TXINGAP;

402 ELSE

403 FOD <= (OTHERS => '0");
404 FOTEN_n <= '1"';

405 FOCTRL_n <= '1";

406 sFifoRdreqg <= '0';

407 gap_timer <= gap_timer + 1;
408

409 outputState <= OS_TXEODB;

410 END TF;

411

412 WHEN OS_TXINGAP =>

413 FOD <= (OTHERS => '0");
414 FOTEN_n <= '1"';

415 FOCTRL_n <= '1"';

416 sFifoRdreqg <= '0';

417

418 IF (feebusState = FB_FLOAT OR feebusState = FB_RESET) THEN
419 outputState <= OS_WAITIN;

420 ELSIF (gap_timer = 15) AND ((FIFO_EMPTY = '1') OR (FIFO_Q(32) = '"1')) THEN
421 outputState <= OS_TXEMPTY;

422 ELSIF gap_timer = 15 THEN

423 outputState <= OS_TXGETDATA;
424 ELSE

425 gap_timer <= gap_timer + 1;
426 outputState <= OS_TXINGAP;

427 END TF;

428

429 WHEN OS_WAITIN =>

430 FOD <= (OTHERS => '0");
431 FOTEN_n <= '1";

432 FOCTRL_n <= '1";

433 sFifoRdreqg <= '0';

434

435 IF (feebusState = FB_INPUT) THEN
436 outputState <= OS_IDLE;

437 ELSE

438 outputState <= OS_WAITIN;

439 END TF;

440 END CASE;

441

442

443 = @00
444 —-— FEEBUS State Machine

445 = @@ -
446 CASE feebusState IS

447 WHEN FB_INPUT =>

448 IF (fiBEN_N = '1') THEN

449 feebusState <= FB_FLOAT;

450 ELSE

451 feebusState <= FB_INPUT;

452 END TF;

453

454 WHEN FB_FLOAT =>
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IF (fiBEN_N = '0') THEN
IF (fiDIR = '0') THEN
feebusState <= FB_INPUT;
ELSE
feebusState <= FB_OUTPUT;
END TF;
ELSE
feebusState <= FB_FLOAT;
END TF;
WHEN FB_OUTPUT =>
IF (fiBEN_N = '1') THEN
feebusState <= FB_FLOAT;
ELSIF (fiDIR = '0') THEN
feebusState <= FB_RESET;
ELSE
feebusState <= FB_OUTPUT;
END TF;

WHEN FB_RESET =>
feebusState <= FB_INPUT;

END CASE;

END IF;
END PROCESS main;

END a;
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